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We present a calculation of the Hall coefficient in 2H-TaSe2 and 2H-Cu0.2NbS2 relied on the photoemis-
sion data and compare the results to transport observations. The approach, based on the solution of the
semiclassical Boltzmann equation in the isotropic τ-approximation yields high-temperature Hall coefficient
consistent with the one measured directly. Taking into account the opening of the pseudogap and redis-
tribution of the spectral weight, recently observed in angle resolved photoemission spectra of 2H-TaSe2,
allows us to reproduce the temperature dependence of the Hall coefficient including prominent sign change
with no adjustable parameters.
PACS numbers: 71.45.Lr 74.25.Fy 74.25.Jb 79.60.-i 74.70.-b
Transition metal dichalcogenides, probably the most
studied charge density wave (CDW) bearing compounds,
exhibit Hall coefficient sign change from hole-like to
electron-like soon after the transition into CDW state [1, 2].
Recently the same effect was discovered in high tempera-
ture superconductors (HTSC) [3]. Up to the moment rea-
sons for such a temperature behaviour of the transversal
conductivity in both types of compounds were not clear,
though it was obvious that strong changes in the electronic
structure are involved. Another common feature of CDW
and HTSC compounds is presence of the pseudogap in ex-
citation spectra [4–7]. Below we show that (i) it is possible
to calculate Hall coefficient of a solid based purely on the
photoemission data, and (ii) the opening of the anisotropic
pseudogap is the main reason for reversion of the Hall ef-
fect in the renown CDW system, 2H-TaSe2.
Hall coefficient is very sensitive to the changes of the
electronic structure, and therefore undergoes significant
modification upon the reconstruction of the Fermi surface,
which is often preceded by the formation of the pseudo-
gap. Since charge dynamics in the crystal is restricted
to a narrow energy range around the Fermi level, open-
ing of the pseudogap reduces effective number of charge
carriers, which should definitely affect transport proper-
ties of the solid. In this communication we investigate
quantitatively an effect that the opening of the pseudogap
causes to conductive properties and suggest a procedure
of Hall coefficient calculation from angle resolved photoe-
mission spectroscopy (ARPES) data [8]. Our procedure ac-
counts for the opening of the pseudogap and nonuniform
distribution of spectral weight. The actual temperature-
dependent calculation of the Hall coefficient is performed
for two transition metal dichalcogenides — 2H-TaSe2 and
2H-Cu0.2NbS2. TaSe2 undergoes a transition to incommen-
surate CDW state at 122 K and to commensurate one at
90 K. In contrast, NbS2 exhibits no CDW, and its Hall co-
efficient slightly depends on temperature, which suggested
the choice for the second compound in the calculations.
In our calculations we assume electric field E to be par-
allel to ab plane, and magnetic field B parallel to c axis
(thus, current j flows in ab plane). Such an experimental
geometry is common for investigation of two-dimensional
compounds, in particular dichalcogenides [1, 2, 9, 10]. In
the low-field limit current density is related to electrical
field by means of conductivity tensor:
j= σE, σ =

σx x σx y−σx y σx x

. (1)
Components of the conductivity tensor are derived from the
solution of semiclassical Boltzmann equation. Neglecting
kz dispersion and taking into account identity of a and b
axes, σx x and σx y are expressed through the integrals over
the Fermi surface in the first Brillouin zone (formulae given
in SI units):
σx x =
e2
2piLch
∫
τ(k)vF(k)d k (2)
σx y =
e3B
Lch2
∫
τ2(k)v2F (k)
ρ(k)
d k, (3)
where τ is a quasiparticle lifetime, vF — the renormalized
Fermi velocity, ρ— Fermi surface curvature radius, d k—
element of Fermi surface length, Lc — size of elementary
cell along the c axis, h— the Plank’s constant, e— the ele-
mentary charge. Mathematically equivalent, but less con-
venient for our discussion formulae, may be found in lit-
erature [11–13]. By definition the Hall coefficient equals
to the Hall electrical field over the magnetic field and the
current density: RH ≡ EH/(B · j). In terms of conductivity
tensor it is expressed in the following way:
RH =
σx y
B ·σ2x x (4)
ARPES gives us complete knowledge about the band struc-
ture, therefore the only thing we are missing to calculate
the conductivity tensor from Eqs. (2) and (3) is transport
Fig. 1 (color online). Evolution of the Fermi surface of TaSe2 and Cu0.2NbS2 with temperature. Fermi surface of TaSe2 changes topology
with cooling (a, b). The first signature of Fermi surface reconstruction is the opening of the pseudogap. In normal state tight-binding
fit shown (a,c,d). For CDW–reconstructed Fermi surface (b) different types of guidelines correspond to spectral weight distribution.
Absence of changes and uniform spectral weight distribution in the spectra of Cu0.2NbS2 (c, d). Relative contribution to σx y from
different parts of Fermi surface at different temperatures, shown in irreducible part of the Brillouin zone for TaSe2 (e) and Cu0.2NbS2
(f).
lifetime τ, which should not be mixed with the quantum
lifetime τq, seen in ARPES [14, 15]. If we assume that τ is
momentum independent τ(k) = const, then τ cancels out,
and the expression for RH reduces to:
RH =
4pi2Lc
e
·
∫
v2F (k)/ρ(k)d k∫
vF(k)d k
2 , (5)
where RH = m3/C [16]. For 2H-TaSe2 Lc = 12.7 Å [17],
all other quantities that enter Eq. (5) can be straightfor-
wardly extracted from ARPES spectra as they are seen in
the ARPES images [15, 18] and the Fermi surface maps
[19] per se.
It is well known that for conventional metals Eq. (5)
yields a result consistent with direct measurements of RH
[20]. We find that it also gives reasonably good agreement
with experiment for NbS2. For TaSe2 Eq. (5) provides cor-
rect RH only at high temperatures and becomes inapplica-
ble at lower ones, when the Fermi surface reconstruction
sets on. Formulae (2), (3), and, hence, (5) imply that all
energy bands are equally and uniformly populated with elec-
trons. Though this assumption often holds, a complex pic-
ture of spectral weight distribution does not appear to be
a rare occasion for unconventional materials [7, 22]. For
such a case Eq. (5) should be modified introducing a fac-
tor D(k) that takes into account distribution of the spectral
weight, i. e. behaviour of density of states (DOS) near the
Fermi level:
RH =
4pi2Lc
e
·
∫
D(k) v2F (k)/ρ(k)d k∫
D(k)vF(k)d k
2 , (6)
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Fig. 2 (color online). Temperature dependence of the Hall coefficient. Hall coefficient in NbS2 has weak temperature dependence,
while in TaSe2 Hall effect changes sign (a). Discrepancy between two experimental curves for TaSe2 is due to charge density wave
suppression by impurities. Hall coefficient of Cu0.2NbS2, calculated in approximation of equally “populated” bands, agrees well with
directly measured, while in case of TaSe2 one should take into account spectral weight redistribution and the opening of the pseudogap
(b).
where
D(k) =
∫ ∞
−∞
DOSk(ω) ·

−∂ f (ω)
∂ω

dω, (7)
that is the temperature weighted DOS at the Fermi level,
f (ω) is the Fermi function, and ω is the binding en-
ergy. Note that in the simplest case DOSk(ω) = 1, and
D(k) = f (−∞)− f (∞) = 1, so we arrive back at the for-
mula (5). In case of the pseudogap-modified spectra we,
based on the experimental data, model DOS using the fol-
lowing function:
DOSk(ω) =
¨
1, |ω| ≥ 2∆;
|ω|/2∆, |ω|< 2∆. (8)
To obtain the experimental input on the electronic struc-
ture of TaSe2 and Cu0.2NbS2 we have carried out a series
of ARPES measurements for temperatures ranging from
300 down to 30 K, see Fig. 1 (a)–(b) and for further de-
tails Ref. 7. In the spectra of TaSe2 the pseudogap is
present already at the room temperature, and begins to
increase sharply upon the transition into the incommen-
surate CDW state evolving to the band gap in the com-
mensurate CDW state [7]. Magnitude of the pseudogap
depends on the position in the Brillouin zone. In case of
TaSe2 the K-barrel is mostly affected by the pseudogap,
so its contribution to the Hall coefficient has the strongest
variation with temperature, which is the main reason for
Hall coefficient to change sign. Fermi surface reconstruc-
tion also implies opening of the pseudogap on the parts of
bone-shaped sheet around the M point and fading of the
Γ-barrel (DOSk(ω) = const < 1) near the point where it
approaches the M-bone, see Fig. 1 (a)–(b) and ref. 7. In
Fig.1 (e) contribution to the σx y from different parts of
the Fermi surface is shown for several temperatures. The
above described procedure was also used in conjunction
with Cu0.2NbS2 spectra [23]. As follows from the spectra,
the electronic structure exhibits no considerable tempera-
ture dependence [Fig. 1 (c), (d), (f)], and is characterized
by a uniform distribution of the spectral weigth. Calculated
Hall coefficient of NbS2 shows a weak temperature depen-
dence. Comparing the result of the calculations with the
experimental measurements we find a good agreement for
the both studied compounds[Fig. 2], which implies correct
implementation of the pseudogap effect into the semiclas-
sical formulae.
In conclusion, we have shown that the suppression of
the spectral weight at the Fermi level and its nonuniform
distribution over the Fermi surface contours related to the
pseudogap formation and consequent Fermi surface fold-
ing upon entering the CDW state are indispensable to at-
tain quantitaive understanding of Hall coefficient temper-
ature dependence in TaSe2 and Cu0.2NbS2. Our findings
hint that accounting for the pseudogap and Fermi surface
reconstruction phenomenon may also be fruitful for under-
standing of other physical properties of CDW systems and
3
high-Tc superconductors [3, 24].
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